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In Japan, earthquakes often occur therefore tsunami arrives many times to the coast area of Japan. Compared with other 
disasters, tsunami causes heavily damages to human properties if once it occurs. The purpose of our research is to 
search methods averting heavily damages in order to save lives, infrastructures and cultural properties from tsunami. 
One of the methods to mitigate disasters of tsunami is the coastal forest.  So we conducted simulations of tsunami to 
search effective methods of disaster mitigation by the coastal forest. In this paper, we consider effective patterns of 
coastal forest by simulating effects of it through changing patterns in two dimensions. Results show that some patterns 
of coastal forest are more effective than it placing straight and parallel with the coastline. And it also show that the same 
is true of other measures for tsunami. 
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 ᪥ᮏࡣୡ⏺࡛ࡶ᭷ᩘࡢᆅ㟈ከⓎᅜ࡛࠶ࡿࠋᆅ㟈࡟ࡼࡗ࡚Ⓨ⏕ࡍࡿὠἼࡣ௚ࡢ⅏ᐖ࡟ẚ࡭࡚ప㢖ᗘࡔࡀࠊ୍
ᗘⓎ⏕ࡍࡿ࡜ἢᓊᇦ࡟⏒኱࡞⿕ᐖࢆཬࡰࡍࠋἢᓊᇦ࡟Ꮡᅾࡍࡿᩥ໬㈈ࡸᩥ໬㑇⏘ࡣࡇࢀࡲ࡛࡟ὠἼ࡟ࡼࡾᗄ
ᗘࡶ⿕ᐖࢆཷࡅࠊ୍㒊ࡣᾘኻࡋ࡚࠸ࡗࡓྍ⬟ᛶࡀ࠶ࡿࠋࡋࡓࡀࡗ࡚ࠊᩥ໬㈈ࡸᩥ໬㑇⏘ࢆᚋୡ࡟೺඲࡞ᙧ࡛
⥅ᢎࡋ࡚࠸ࡃࡓࡵ࡟ࡣࠊࡑࢀࡽࢆὠἼ࠿ࡽಖㆤࡍࡿࡓࡵࡢᑐ⟇ࡀᚲせ࡛࠶ࡿࠋⴭ⪅ࡽࡣࠊᩥ໬㈈ࡢὠἼᑐ⟇
᳨ウࡢࡓࡵࠊὠἼࡢᣲືࡸࡑࡢ⾪ᧁࢆホ౯ࡍࡿᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥἲࡢ㛤Ⓨ࡟ྲྀࡾ⤌ࢇ࡛࠸ࡿࠋὠἼ࡟ᑐ
ࡍࡿᑐ⟇ࡢ୍ࡘ࡜ࡋ࡚ᾏᓊᯘࡀ࠶ࡿࠋᾏᓊᯘࡢῶ⅏ຠᯝ࡟ࡘ࠸࡚ࡣከࡃࡢሗ࿌ࡀ࡞ࡉࢀ࡚࠾ࡾࠊ2004 ᖺ࢖
ࣥࢻὒ኱ὠἼ࡟࠾࠸࡚ࠊἢᓊ㒊࡟࠾ࡅࡿ࣐ࣥࢢ࣮ࣟࣈᯘࡣῶ⅏࡟኱ࡁ࡞ᙺ๭ࢆᢸ࠸ 1)ࠊ2006ᖺࢪࣕ࣡ὠἼ࡛
ࡣᾏᓊ㛫㝿࡟⦾ⱱࡍࡿ࢔ࢲࣥ࡜࠸࠺ᶞ✀ࡢᶞ㧗ࢆ㧗ࡃ⥔ᣢ⟶⌮ࡍࡿࡇ࡜ࡀὠἼ㜵ᚚ࡟࡜ࡗ࡚㔜せ࡛࠶ࡿ࡜ㄪ
ᰝሗ࿌ࡉࢀ࡚࠸ࡿ 2)ࠋࡲࡓࠊ1998ᖺࣃࣉ࢔ࢽ࣮ࣗࢠࢽ࢔ὠἼࢆᑐ㇟࡜ࡋࡓᩘ್ィ⟬࡟ࡼࡾࠊࢢ࣮ࣜࣥ࣋ࣝࢺ
㸦ἢᓊᇦࡢᶞᮌ⩌㸧ࡢῶ⅏ຠᯝࡣᶞᮌࡢศᕸᐦᗘࡀ኱ࡁࡃ࡞ࡿ࡟ࡘࢀ࡚ᾐỈᇦࡣῶᑡࡋࠊὶ㏿ࡢῶ⾶ຠᯝࡣ
኱ࡁࡃ࡞ࡿ࡜࠸࠺ࡇ࡜ࡀ᫂ࡽ࠿࡟ࡉࢀ࡚࠸ࡿ 3)ࠋࡋ࠿ࡋࠊຠ⋡ⓗ࡞ᾏᓊᯘࡢ㓄⨨࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓ◊✲
౛ࡣᑡ࡞ࡃࠊࡑࡢ஧ḟඖⓗ࡞㓄⨨ࡢ௙᪉࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓ౛ࡣᑡ࡞࠸ࠋࡑࡇ࡛ࠊᮏ◊✲࡛ࡣࠊᾏᓊᯘࡢ
㓄⨨ࢆ஧ḟඖⓗ࡟ኚ໬ࡉࡏࡿࡇ࡜࡟ࡼࡾࠊῶ⅏ຠᯝࡀ࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡿ᳨ウࢆ
⾜ࡗࡓࠋ 
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㸰㸬ィ⟬᪉ἲ
 
ᾏᓊᯘࡢ஧ḟඖⓗ㓄⨨࡟ࡼࡿὠἼࡢῶ⅏ຠᯝࢆ᳨ウࡍࡿࡓࡵࠊὠἼࡢᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓࠋὠ
Ἴࡢࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡣỈᖹ᪉ྥࡢὶỈࡢ㐠ືࢆィ⟬ࡍࡿࡇ࡜࡟ࡼࡾࠊὠἼࡢ㐠ືࢆィ⟬ࡋࡓࠋὠἼࡣỈ
῝᪉ྥࡢὶ㏿ࡣࠊỈᖹ᪉ྥࡢὶ㏿࡟ẚ࡭࡚࠿࡞ࡾᑠࡉ࠸ࡇ࡜࡜ࠊỈ῝᪉ྥࡢὶ㏿ࢆィ⟬ࡋࡼ࠺࡜ࡍࡿ࡜ィ⟬
᫬㛫ࡀ኱ࡁࡃ࡞ࡿࡓࡵࠊỈ῝᪉ྥࡢὶ㏿ࡣ࡞࠸࡜௬ᐃࡋ࡚ィ⟬ࡋࡓࠋ 
ὠἼ࡟ᑐࡍࡿ᢬ᢠ≀ࡢᙳ㡪ࢆィ⟬ࡍࡿ᪉ἲ࡜ࡋ࡚ࠊ᢬ᢠ≀ࡢ㒊ศࡢ⢒ᗘಀᩘࢆୖࡆࡿ᪉ἲࠊ᢬ᢠ≀ࡈ࡜ࡢ
᢬ᢠຊࢆ୚࠼ࡿ᪉ἲࠊ᢬ᢠ≀ࡢ㒊ศࡢᆅ┙㧗ࢆ㧗ࡃࡍࡿ᪉ἲࡀ࠶ࡿࠋ᢬ᢠ≀ࡢ㒊ศࡢ⢒ᗘࢆୖࡆࡿ᪉ἲ࡛ࡣࠊ
࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࢆタᐃࡍࡿࡇ࡜࡟ࡼࡾィ⟬㡿ᇦࢆᗈࡃ࡜ࡿࡇ࡜ࡀ࡛ࡁࠊGIS ࢆ฼⏝ࡋࡓὠἼ㐳ୖィ⟬ࢆ
⾜࠺ࡇ࡜࡟ࡼࡾࠊேⓗ࣭ᵓ㐀≀⿕ᐖࢆ᥎ᐃࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡗࡓ 4)ࠋ᢬ᢠ≀ࡈ࡜ࡢ᢬ᢠຊࢆ୚࠼ࡿ᪉ἲ࡛
ࡣࠊᾏᓊᯘ࡟ࡼࡿὠἼࡢపῶຠᯝࢆྵࡴᩘ್ィ⟬࡜ᐇ㦂್࡜ࡢẚ㍑࡟ࡼࡾࠊࡑࡢຠᯝࢆᐃ㔞ⓗ࡟ホ౯ࡍࡿࡇ
࡜ࢆྍ⬟࡜ࡋࠊࡑࡢጇᙜᛶࡶ♧ࡉࢀ࡚࠸ࡿ 5)ࠋᾏᓊᯘࡢ᢬ᢠຊࢆ⢭ᗘࡼࡃ⾲⌧ࡍࡿࡓࡵ࡟ࡣࠊ᢬ᢠ≀ࡈ࡜ࡢ
᢬ᢠຊࢆ୚࠼ࡿ᪉ἲࡀ᢬ᢠ≀ࡢᙧ≧࡟ࡼࡿ᢬ᢠຊࡢኚ໬ࢆ⪃៖࡛ࡁࡿࡓࡵᮃࡲࡋ࠸ࠋࡋ࠿ࡋࠊࡇࡢ᪉ἲࡣᶞ
✀ࡈ࡜ࡢᶞᮌࡢᙧ≧ࡸᵓ㐀࡞࡝ࡢ᝟ሗࡀィ⟬࡟ᚲせ࡟࡞ࡾࠊࡑࡢ᝟ሗࡸࡑࢀ࡟ᑐࡍࡿ▱ぢࡀᑡ࡞࠸ࠋ᢬ᢠ≀
ࡢ㒊ศࡢᆅ┙㧗ࢆ㧗ࡃࡍࡿ᪉ἲ࡛ࡣࠊᆅ┙㧗ࢆ㧗ࡃࡍࡿ࡜Ỉࡢ㏻㐣ࡀ࡛ࡁ࡞ࡃ࡞ࡗ࡚ࡋࡲ࠸ࠊỈࡢ㏻㐣ࡢ࠶
ࡿᾏᓊᯘ࡛ࡣࡑࡢຠᯝࢆ⾲⌧ࡍࡿࡢ࡟୙㐺ษࡔ࡜⪃࠼ࡿࠋࡑࡢࡓࡵࠊ௒ᅇࡢ◊✲࡛ࡣᾏᓊᯘࡢῶ⅏ຠᯝࢆ⾲
⌧ࡍࡿࡓࡵࠊᾏᓊᯘࡀᏑᅾࡍࡿሙᡤ࡟࠾࠸࡚࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࢆ኱ࡁࡃࡍࡿࡇ࡜࡛᢬ᢠࢆ኱ࡁࡃࡋࠊࡑࢀ
ࢆᶍᨃⓗ࡟ᾏᓊᯘ࡜ࡋࡓࠋ
 
ᨭ㓄᪉⛬ᘧ 
2ḟඖⓗ࡞ሙࢆ⪃࠼ࠊ yx, ࢆᖹ㠃ᗙᶆ࡜ࡍࡿ࡜ࠊὶࢀࡢ㐃⥆ᘧࡣࠊ 
 
 
(1) 
࡜࡞ࡿࠋࡇࡇ࡟ࠊu㸸 x᪉ྥࡢᖹᆒὶ㏿ࠊ v㸸 y᪉ྥࡢᖹᆒὶ㏿ࠊ h㸸Ỉ῝࡛࠶ࡿࠋ 
yx, ᪉ྥࡢὶỈࡢ㐠ື᪉⛬ᘧࡣࡑࢀࡒࢀࠊ 
 
 
(2) 
  
(3) 
࡜࡞ࡿࠋࡇࡇ࡟ࠊ z㸸ᆅ⾲ࡢ㧗ࡉࠊ g㸸㔜ຊຍ㏿ᗘࠊH 㸸 ື⢓ᛶಀᩘࠊ yx WW , 㸸 yx, ᪉ྥࡢᗏ㠃ᦶ᧿ᛂຊ
࡛࠶ࡿࠋᗏ㠃ᦶ᧿ᛂຊࡣ࣐ࢽࣥࢢ๎ࢆ⏝࠸࡚ࠊḟࡢࡼ࠺࡟୚࠼ࡿࠋ 
 
 
(4) 
  
(5) 
  ື⢓ᛶಀᩘH ࡣỈ῝᪉ྥ࡬ᑐᩘ๎ࢆ௬ᐃࡋࠊࡑࡢᖹᆒ್ࢆ⏝࠸࡚ḟࡢࡼ࠺࡟୚࠼ࡿࠋ 
 
 
(6) 
ࡇࡇ࡟ࠊN 㸸࣐࢝ࣝࣥᐃᩘࠊ u 㸸ᦶ᧿㏿ᗘ࡛࠶ࡿࠋ 
 ௨ୖࡢᨭ㓄᪉⛬ᘧࢆࢫࢱࢵ࣮࢞ࢻ᱁Ꮚࢆ⏝࠸࡚ᕪศ໬ࡋࡓࠋ㐠ື᪉⛬ᘧࡢ✵㛫ᚤศࡢ㞳ᩓ໬࡟ࡘ࠸࡚ࡣࠊ
⛣ὶ㡯࡟ᑐࡋ࡚ࡣ➨୍ḟࡢ㢼ୖᕪศࠊᅽຊ㡯࡟㛵ࡋ࡚ࡣᚋ㏥ᕪศࠊᣑᩓ㡯࡟㛵ࡋ࡚ࡣ୰ᚰᕪศࢆ⏝࠸ࠊ᫬㛫
ᚤศࡢ㞳ᩓ໬࡟ࡘ࠸࡚ࡣ๓㐍࢜࢖࣮ࣛἲࢆ⏝࠸ࡓࠋ 
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ᾏᓊᯘࡢ㓄⨨ 
ᾏᓊᯘࡢ㓄⨨ࢆኚ࠼࡚ィ⟬ࢆ⾜ࡗࡓࠋᾏᓊᯘࡢ㓄⨨ࢆᅗ 1 ࡟♧ࡍࠋCase1 ࡣᾏᓊᯘࡀ࡞࠸ሙྜࠊCase2 ࡣᾏ
ᓊ⥺࡜ᖹ⾜࡟ᖜ 100mࡢᾏᓊᯘࢆ㓄⨨ࡋࡓሙྜࠊCase3 ࡣᾏᓊᯘࢆ 50mᖜ࡛ 200mࡢ㛗ࡉ࡛㓄⨨ࡋࡑࢀࢆ∦
ഃ࡟ᐤࡏࡓሙྜࠊCase4ࡣ Case3ࡢ∦ഃ࡟ᐤࡏ࡚࠸ࡓᾏᓊᯘࢆ┿ࢇ୰࡟㓄⨨ࡋࡓሙྜࠊCase5࡛ࡣᾏᓊᯘࢆᖜ
10m࡛㓄⨨ࡋࠊᖜ 10mࡢ㓄⨨ࡋ࡚࠸࡞࠸㒊ศ࡜஺஫࡟㛗ࡉ 200m࡛㓄⨨ࡋࡓሙྜ࡛࠶ࡿࠋCase2㹼5࡛ࡣᾏᓊ
ᯘࢆ㓄⨨ࡋࡓ㠃✚ࡢ኱ࡁࡉࡣྠࡌ࡟࡞ࡿࡼ࠺㓄⨨ࡋ࡚࠸ࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ほ ⥺ࡢ఩⨨ࡣᾏᓊᯘࡢᚋ᪉࡜ࡋࠊ࡝ࡢࢣ࣮ࢫ࡛ࡶྠࡌ x᪉ྥ࡟ 750m ࡢ఩⨨࡟タᐃࡋࡓࠋほ Ⅼࡢ఩⨨
ࡣᾏᓊᯘࡢຠᯝࡀほ ࡉࢀࡿࡼ࠺ᾏᓊᯘࡢᚋ᪉࡟ᾏᓊᯘࡢ୰ᚰ࡟タᐃࡋࡓࠋ 

ィ⟬ᆅᙧ 
ᾏᓊᆅᙧࢆసᡂࡋࠊὠἼࡢࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓࠋἈࡢᾏᗏࡢ㧗ࡉࢆ 0m ࡜ࡋࡑࡇࢆᇶ‽࡜ࡋ࡚ࠊᾏ
ᗏࡢ໙㓄 0.02ࠊ㧗ࡉ 7mࡢᖹᆅࢆసᡂࡋࡓࠋィ⟬༊㛫ࡣ x᪉ྥ࡟ 1000mࠊ y᪉ྥ࡟ 100m࡜ࡋࠊึᮇࡢᾏỈ
㠃ࡢ㧗ࡉࢆ 5m࡜ࡋ࡚࠸ࡿࠋ 
 
 
 
 
 
 
 
 
ᅗ 1 ᾏᓊᯘࡢ㓄⨨㸦ᖹ㠃ᅗࠊୖ࠿ࡽ Case1㹼5㸧 
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ࡇࢀ࡟Ἀࡢᾏᗏࡢ㧗ࡉࡀ 0mࡢᆅⅬ࡟࠾࠸࡚ィ⟬㛤ጞ┤ᚋ࠿ࡽ⤊஢ࡲ࡛㧗ࡉ 10mࡲ࡛Ỉ఩ࢆୖ᪼ࡉࡏࠊࡑ
ࢀࢆὠἼ࡜ࡋ࡚ィ⟬ࡋ࡚࠸ࡿࠋィ⟬ࡣ x᪉ྥ࡟ 1000m ࡢᆅⅬ࡛Ỉ఩ࡀୖ᪼ࡋࡓ࡜ࡁィ⟬ࢆ⤊஢࡜ࡋ࡚࠸ࡿࠋ
ᾏᓊᯘࡢ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࡣ 0.06࡜ࡋࠊࡑࡢ௚ࡢᖹᆅ㒊࡞࡝ࡢ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࡣ 0.025࡜ࡋ࡚ィ⟬ࢆ
⾜ࡗࡓࠋ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࡣᑠ㇂ࡽ 2)ࡀ౑⏝ࡋࡓ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࢆཧ⪃࡟ࡋ࡚Ỵࡵ࡚࠸ࡿࠋᑠ㇂ࡽ 2)
ࡢ᳃ᯘᇦࡢ್ࡣ 0.03 ࡔࡀࠊࡇࡢ್ࡣ㜵₻ᯘࢆ⪃៖ࡋ࡚࠸࡞࠸ࡓࡵపࡃタᐃࡉࢀ࡚࠸ࡿࠋࡑࡢࡓࡵࠊᮏ◊✲
࡛ࡣᾏᓊᯘࡢ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࡣ 0.06࡜㧗ࡵ࡟タᐃࡋࡓࠋ᱁Ꮚ㛫㝸ࡣ 5m࡜ࡋ࡚࠸ࡿࠋ 
 
㸱㸬ィ⟬⤖ᯝ
 
ほ ⥺ୖࡢ᭱኱ὶ㏿ 
ィ⟬ࡉࢀࡓほ ⥺ୖࡢྛ఩⨨࡟࠾ࡅࡿ᭱኱ὶ㏿ࢆᅗ 4࡟♧ࡍࠋᅗ 4࡛ࡣほ ⥺ୖ࡟฿㐩ࡋࡓὠἼࡢ᭱኱ὶ
㏿ࢆほ ⥺ୖࡢ఩⨨ࡈ࡜࡟♧ࡋࡓࠋ᭱኱ὶ㏿࡜ࡣィ⟬᫬㛫୰ྛⅬ࡟࠾࠸࡚ xy ᖹ㠃ୖ࡛ࡢ᭱኱▐㛫ὶ㏿࡛࠶
ࡿࠋᅗ 4ࡢὶ㏿ࡢ఩⨨ࡣᅗ 1ࡢୗ࠿ࡽ y᪉ྥ࡟ఱ mࡢ఩⨨࠿ࢆ♧ࡋࡓࡶࡢ࡛ࠊ5mࡢ఩⨨࡞ࡽࡤᅗ 1ࡢほ 
⥺ୖࡢୗ࠿ࡽ 5mࡢ఩⨨ࢆ⾲ࡋࠊ100m࡞ࡽࡤほ ⥺ୖࡢୖ➃ࡢ఩⨨ࡢὶ㏿ࢆ♧ࡋ࡚࠸ࡿࠋ 
 ᅗ 4 ࢆཧ↷ࡍࡿ࡜ᾏᓊᯘࡢᚋ᪉࡛ࡣࠊᾏᓊᯘࡀ࡞࠸ᡤ࡟ẚ࡭᭱኱ὶ㏿ࡀప࠿ࡗࡓࠋCase2 ࡛ࡣ୍ᵝ࡟ᾏᓊ
ᯘࢆ㓄⨨ࡉࡏࡓࡓࡵࠊᾏᓊᯘࡀ࡞࠸ Case1ࡼࡾࡶ୍ᵝ࡟᭱኱ὶ㏿ࡀపୗࡋࡓࠋCase3ࠊCase4࡛ࡣࡑࢀࡒࢀᾏ
ᓊᯘࢆ㓄⨨ࡋ࡚࠸ࡿ࡯࡜ࢇ࡝ࡢሙᡤࡢᚋ᪉࡛ Case2 ࡼࡾࡶ᭱኱ὶ㏿ࡀపࡃ࡞ࡗ࡚࠸ࡿࠋࡇࢀࡣዟ⾜᪉ྥ࡟ᾏ
ᓊᯘࢆ㛗ࡃ㓄⨨ࡋࡓࡓࡵࠊ᭱኱ὶ㏿ࡀపࡃ࡞ࡗࡓ࡜⪃࠼ࡽࢀࡿࠋCase5 ࡛ࡣ Case2 ࡜㓄⨨ࡋࡓᾏᓊᯘࡢ⥲㠃
✚ࡣྠࡌ࡟ࡶ࠿࠿ࢃࡽࡎࠊCase2 ࡼࡾࡶ඲యⓗ࡟᭱኱ὶ㏿ࡣ኱ࡁࡃ࡞ࡗࡓࠋCase2㹼4 ࡛㓄⨨ࡋࡓᾏᓊᯘࡢ㠃
✚ࡢ኱ࡁࡉࡣ඲㒊ྠࡌࡔࡀࠊCase3࡛ࡣ Case2࡜ẚ࡭୍࡚㒊ࡔࡀᾏᓊᯘࡢᚋ᪉࡛⣙ 5%᭱኱ὶ㏿ࡀపୗࡍࡿ࡜
࠸࠺⤖ᯝ࡜࡞ࡾࠊCase4࡛ࡣ Case2࡜ẚ࡭୍࡚㒊ࡔࡀᾏᓊᯘࡢᚋ᪉࡛⣙ 7%᭱኱ὶ㏿ࡀపୗࡍࡿ࡜࠸࠺⤖ᯝ࡜
࡞ࡗࡓࠋἢᓊ㒊࡟Ᏺࡿ࡭ࡁᩥ໬㈈ࡀ࠶ࡗࡓሙྜࠊCase3ࠊCase4 ࡢࡼ࠺࡟ዟ⾜᪉ྥ࡟㛗ࡃᾏᓊᯘࢆ㓄⨨ࡋࠊὶ
㏿ࢆపῶࡉࡏࠊ⾪ᧁຊࢆ⦆࿴ࡍࡿࡇ࡜࡟ࡼࡾ࠶ࡿ⛬ᗘ⿕ᐖࢆᑡ࡞ࡃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ࡜⪃࠼ࡿࠋ 
 
ほ ⥺ୖࡢ᭱኱Ỉ఩ 
᭱኱ὶ㏿࡜ྠࡌࡼ࠺࡟ィ⟬࡟ࡼࡗ࡚ᚓࡽࢀࡓὠἼࡢ᭱኱▐㛫Ỉ఩ࢆᅗ 5࡟♧ࡍࠋ᭱኱Ỉ఩ࡣᾏᓊᯘࢆ㓄⨨
ࡋࡓ Case2㹼5ࡢ࠸ࡎࢀࡶほ ⥺ୖ࡛ Case1࡟ẚ࡭඲యⓗ࡟Ỉ఩ࡀపࡃ࡞ࡗࡓࠋCase2࡛ࡣᾏᓊᯘࢆዟ⾜᪉ྥ
࡟ 100m㓄⨨ࡋࡓࡓࡵ඲యⓗ࡟ Case1ࡼࡾࡶ⣙ 5%Ỉ఩ࡀపࡃ࡞ࡗࡓࠋCase3࡛ࡣᾏᓊᯘࡀ࠶ࡿ㒊ศ࡜࡞࠸㒊
ศࡢቃ⏺㒊௜㏆࡛᭱ࡶỈ఩ࡀᑠࡉࡃ࡞ࡗࡓࠋCase4 ࡛ࡣᾏᓊᯘࡢ⫼ᚋ࡛ Case2 ࡜ẚ࡭Ỉ఩ࡀ㧗࠸ሙᡤࡶ࠶ࢀ
ࡤప࠸ሙᡤࡶ࠶ࡾࠊᾏᓊᯘࡢ୰ᚰ㒊࡛ࡣ Case2 ࡼࡾ⣙ 1%Ỉ఩ࡀ㧗ࡃ࡞ࡗࡓࠋCase5 ࡛ࡣᾏᓊᯘࡢ⫼ᚋ࡛
Case2 ࡼࡾࡶࢃࡎ࠿࡟඲యⓗ࡟Ỉ఩ࡀపࡃ࡞ࡗࡓࠋ⤖ᯝ࡜ࡋ࡚ࠊᾏᓊᯘࢆ㓄⨨ࡍࡿࡇ࡜࡟ࡼࡾ඲యⓗ࡟Ỉ఩
ࢆ࠶ࡿ⛬ᗘపୗࡉࡏࡿࡇ࡜ࡣ࡛ࡁࡿࡀࠊᏲࡿ࡭ࡁᩥ໬㈈ࡀἢᓊ㒊࡟࠶ࡗࡓሙྜࠊᾏᓊᯘࢆࡑࡇ࡟㔜Ⅼⓗ࡟㓄
⨨ࡉࡏࡑࡢ㒊ศࡔࡅỈ఩ࢆపୗࡉࡏࡿࡇ࡜ࡣ㞴ࡋ࠸࡜⪃࠼ࡽࢀࡿࠋᮏ◊✲࡛ࡣᾏᓊᯘࡢຠᯝࢆ࣐ࢽࣥࢢࡢ⢒
ᗘಀᩘ࡟ࡼࡗ࡚⾲⌧ࡋࡓࡀࠊ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘ࡟ࡼࡿィ⟬࡛ࡣᾏᓊᯘ࡟⎰♟ࡀࡘࡲࡿ࡜࠸ࡗࡓࡇ࡜࡟ࡼࡿ
ຠᯝࡸࠊᾏᓊᯘࡀὶࡉࢀࡿ࡜࠸ࡗࡓࡇ࡜ࡣ⾲⌧࡛ࡁ࡞࠸ࡓࡵࠊ෌⌧ᛶ࡟㝈⏺ࡀ࠶ࡾࠊᐇ㦂࡞࡝࡟ࡼࡿ᳨ドࡀ
ᚲせࡔ࡜⪃࠼ࡽࢀࡿࠋ 
 
 
ᅗ 3 ึᮇࡢᾏỈ㠃࡜ᾏᓊᆅᙧ㸦༢఩ࡣ m㸧 
ึᮇᾏỈ㠃 ᖹ㔝㒊 
x
z
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ほ Ⅼ࡟࠾ࡅࡿỈ఩ࡢ᫬㛫ኚ໬
 ほ Ⅼ࡟࠾ࡅࡿỈ఩ࡢ᫬㛫ኚ໬ࢆᅗ 6ࠊὶ㏿ࡢ᫬㛫ኚ໬ࢆᅗ 7࡟♧ࡍࠋᾏᓊᯘࡀ࠶ࡿ Case2㹼5࡛ࡣࠊᾏᓊ
ᯘࡀ࡞࠸ࢣ࣮ࢫ࡟ẚ࡭࡚ὠἼࡀ฿᮶ࡍࡿ᫬㛫ࡀ 1 ⛊㐜ࡃ࡞ࡗࡓࠋᾏᓊᯘࡀ࠶ࡿ Case2㹼5 ࡛ࡣࡑࢀࡒࢀὠἼ
ࡀ฿᮶ࡍࡿ᫬㛫࡟ᕪࡣぢࡽࢀ࡞࠿ࡗࡓࠋ 
 
 
 
 
 
 
 
 
 
 
 
ὠἼࡢࢩ࣑࣮ࣗࣞࢩࣙࣥ 
 ィ⟬࡟ࡼࡗ࡚ᚓࡽࢀࡓὠἼࡀ฿᮶ࡍࡿᵝᏊ࡜ὶ㏿ࡢᖹ㠃࣋ࢡࢺࣝᅗࢆ Case4 ࡣᅗ 8ࠊCase5 ࡣᅗ 9 ࡟♧ࡍࠋ
ᅗ 8ࡢᖹ㠃࣋ࢡࢺࣝᅗ࡛ࡣᾏᓊᯘࡢ࿘㎶ࡢὶ㏿࣋ࢡࢺࣝࢆᅗ 9ࡢᖹ㠃࣋ࢡࢺࣝᅗ࡛ࡣ㓄⨨ࡋࡓᾏᓊᯘࡢ୰࡛
୰ኸ㒊ࡢᾏᓊᯘᖏࡢ⤊➃㒊ࡢὶ㏿࣋ࢡࢺࣝࢆ♧ࡋࡓࠋᅗࡣ࠸ࡎࢀࡶィ⟬㛤ጞ࠿ࡽ 85 ⛊ᚋࡢᅗ࡛࠶ࡿࠋᾏᓊ
ᯘࡢὠἼࡀᾏᓊࢆ㐳ୖࡋࠊᖹ㔝㒊࡟ධࡾἼࡀ❧ࡘ࡜࠸࠺Ἴࡢ≉ᚩࡀ⾲⌧ࡉࢀࡓࠋᾏᓊᯘࡀ࠶ࡿࢣ࣮ࢫ࡛ࡣࠊ
ᾏᓊᯘࡢ⤊➃㒊࡛ᾏᓊᯘࡢ࡞࠸ഃ࠿ࡽỈࡀᅇࡾ㎸ࡴᵝᏊࡀぢࡽࢀࡓࠋ 
 
 
 
 
 
 
 
 
 
 
ᅗ 4 ほ ⥺ୖࡢ᭱኱ὶ㏿ ᅗ 5 ほ ⥺ୖࡢ᭱኱Ỉ఩ 
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ᅗ 6 ほ Ⅼ࡟࠾ࡅࡿὶ㏿ࡢ᫬㛫ኚ໬ ᅗ 7 ほ Ⅼ࡟࠾ࡅࡿỈ఩ࡢ᫬㛫ኚ໬ 
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㸲㸬⤖ㄽ
 
 ᮏ◊✲࡛ࡣᾏᓊᯘࡢ㓄⨨ࢆኚ໬ࡉࡏࡿࡇ࡜࡟ࡼࡾࠊᾏᓊᯘࡢῶ⅏ຠᯝࡀ࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢆ᫂ࡽ࠿࡟
ࡍࡿࡓࡵࠊὠἼࡢࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓࠋᮏ◊✲ࡢィ⟬࡟ࡼࡾࠊᾏᓊᯘࢆ㒊ศⓗ࡟ዟ⾜ࡁ࡟㛗ࡃ㓄⨨ࡍ
ࢀࡤᾏᓊᯘࢆ㓄⨨ࡋࡓሙᡤࡢᚋ᪉࡛ὠἼࡢὶ㏿ࢆ࠶ࡿ⛬ᗘపୗࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡿ࡜ศ࠿ࡗࡓࠋࡲࡓࠊᾏᓊ
ᯘࢆ㓄⨨ࡍࢀࡤὠἼࡢỈ఩ࢆపୗࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡿࡀࠊ㓄⨨ࡋࡓᾏᓊᯘࡢ⥲㠃✚ࡢ኱ࡁࡉࡀྠࡌሙྜࠊ㓄
⨨ࢆኚ໬ࡉࡏ࡚ࡶỈ఩ࡢኚ໬ࡣࡑࢀ࡯࡝↓࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽὠἼ࠿ࡽே㢮ࡢࡍ࡭࡚ࡢ㈨⏘ࢆᏲࡿࡇ࡜ࡣ
ᅔ㞴࡛ࡶఱࢆඃඛⓗ࡟Ᏺࡿ࠿࡟ࡘ࠸࡚⪃࠼ࠊඃඛ㒊ศࢆ㔜Ⅼⓗ࡟Ᏺࡿࡇ࡜࡟ࡼࡾࠊ࠶ࡿ⛬ᗘࡢῶ⅏ࡀྍ⬟࡛
࠶ࡿ࡜⪃࠼ࡿࠋ 
 ᮏ◊✲࡛ࡣᾏᓊᯘ࡟ࡘ࠸࡚ィ⟬ࢆ⾜ࡗࡓࡀࠊᐙᒇࡸሐ㜵࡞࡝௚ࡢᵓ㐀≀ࡶᾏᓊᯘࡢࡼ࠺࡟ὠἼ࡟ᑐࡍࡿ㞀
ᐖ≀࡜ࡋ࡚ྠࡌࡼ࠺࡟ィ⟬࡛ࡁࡿࠋ௒ᅇࡣ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࢆୖࡆࡿࡇ࡜࡟ࡼࡾᾏᓊᯘࡢῶ⅏ຠᯝࢆ᳨ウ
ࡋࡓࡀࠊࡑࡢ᪉ἲ࡛ࡣᾏᓊᯘࡢ⎰♟ࢆᤕᤊࡍࡿຠᯝࡸಽᮌ࡞࡝ࢆ⪃៖࡛ࡁ࡞࠸ࡓࡵࠊࢩ࣑࣮ࣗࣞࢩࣙࣥࡢ෌
⌧ᛶ࡟㝈⏺ࡀ࠶ࡿࠋ௒ᚋࡣᮾ᪥ᮏ኱㟈⅏࡟ࡼࡿὠἼࢆ஦౛࡜ࡋ࡚ㄪᰝ࣭ศᯒࢆ⾜࠸ࠊ࣐ࢽࣥࢢࡢ⢒ᗘಀᩘࡸ
⤖ᯝࡢጇᙜᛶࢆ᳨ドࡋ࡚࠸ࡁࡓ࠸ࠋ 
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